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Diagnosis of deafness in a horse by brainstem
auditory evoked potential

Malte M. Harland, Allison J. Stewart, Arvle E. Marshall, Ellen B. Belknap

Abstract — Deafness was confirmed in a blue-eyed, 3-year-old, overo paint horse by brainstem
auditory evoked potential. Congenital inherited deafness associated with lack of facial pigmentation
was suspected. Assessment of hearing should be considered, especially in paint horses, at the time of
pre-purchase examination. Brainstem auditory evoked potential assessment is well tolerated and

accurate.

Résumé — Diagnostic de surdité chez un cheval par potentiel auditif évoqué au niveau du
tronc cérébral. Un diagnostic de surdité a été confirmé par potentiel auditif évoqué au niveau du
tronc cérébral chez un cheval Paint Horse overo aux yeux bleus 4gé de 3 ans. Une surdité congénitale
héréditaire associée au manque de pigmentation faciale a été suspectée. Une évaluation de 1’audition
devrait étre envisagée, particuliecrement chez les Paint Horses lors de I’examen précédant 1’achat.
Lévaluation par potentiel auditif évoqué au niveau du tronc cérébral est bien tolérée et précise.
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D eafness should be suspected in horses that are unre-
sponsive to external noise. A twitch of the ears or
turning of the head in response to a sudden noise, such
as clapping the hands, is called the startle reaction and
rules out complete deafness. Deaf horses may spook
easily, as they are reliant on visual and tactile stimuli.
Similar to deaf people, deaf animals rarely have any
mental deficits and, with careful training, they can be
useful performance horses. However, deafness is a defect
and consideration should be given to decreasing the
prevalence of deafness in paint horses by selective breed-
ing. An attempt to assess hearing ability should also be
made by veterinarians performing prepurchase examina-
tions and by judges at breed shows. Other than anecdotal
reports and a personal communication (KD Magdesian,
1998), reports of deafness in paint horses are lacking in
the veterinary literature.

The startle test does not assess hearing thresholds, thus
it is used as presumptive evidence of deafness and does
not distinguish between peripheral and central nervous
system defects. Hearing can be definitively assessed by
the use of brainstem auditory evoked potential (BAEP)
(1). The procedure does not require general anesthesia
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and is well tolerated by horses, often with no sedation
and minimal restraint (2). Headphones are held over, or
placed in, the horse’s ears and a series of click noises of
various intensities are generated to stimulate the auditory
pathway from the ear to the brain. In an individual hear-
ing normally, the record of the evoked potential will
consist of a series of 5 to 7 characteristic waves, depend-
ing on the species (3,4). In animals with congenital
deafness, no waves are observed. Both ears should be
tested individually to rule out unilateral deafness.
Animals that are deaf in 1 ear can be difficult to identify
without BAEP.

Case description

A 3-year-old, gelded, sorrel and white overo American
paint horse was examined because of suspected deafness.
As a foal, he appeared unresponsive to environmental
noises. When used for western pleasure competitions, he
appeared oblivious to carnival noise. The owners had
never heard the horse vocalize. There was no historical
evidence of visual deficits, head trauma, or exposure to
ototoxic drugs. A related blue-eyed horse was also sus-
pected to be deaf.

The gelding was in excellent body condition and
weighed 501 kg. Hearing ability, as judged subjectively
by the startle test, was absent. The right iris was blue,
while heterochromia iridis was observed in the left eye
with a combination of blue and brown. The remainder of
the cranial nerve and physical examinations gave normal
results. Results from a complete white blood cell count
and serum biochemical panel were within the reference
ranges.
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Figure 1. Comparative brainstem auditory evoked potential
(BAEP) recordings elicited by air conducted click stimuli
on a horse with normal hearing (75 dB, 1750 clicks), and a
deaf horse (left ear: 103 dB, 2250 clicks; right ear: 103 dB,
2250 clicks). Sa: Stimulus artefact.

To assess the apparent deafness, the BAEP on the case
horse was tested. To validate the test, the BAEP was also
assessed on a control horse. Both horses were sedated
with detomidine hydrochloride (Dormosedan; Pfizer
Animal Health, Exton, Pennsylvania, USA), 0.013 mg/kg
bodyweight (BW), IV. Three platinum needle electrodes
(Model E2B; Grass Instrument Company, Quincy,
Massachusetts, USA) were inserted subdermally on the
horses’ heads with the reference electrode (+) placed at
the vertex and the active recording electrode (-) placed
laterally at the most ventral portion of the palpable ear
canal of the ear to be stimulated. The ground electrode
was inserted at the same site as the active electrode, but
on the contralateral ear. A magnetic headphone (Model
TDH-39; Nicolet Biomedical Instrument Company,
Madison, Wisconsin, USA) was held against the pinna,
so that the click sound (stimulus) would be directed down
the external ear canal. The headphone was connected to
a square wave pulse generator (Model S 10 CTCMA;
Grass Instrument Company), which was adjusted to
deliver clicks (0.1 ms duration, 103 dB sound pressure
level [SPL], [75 dB SPL in the control horse] as mea-
sured at the headphone), at a rate of 20 clicks/s. The
stimulator triggered the signal averager recording system
(Model TD 20; TECA Corporation, Pleasantville, New
York, USA). The recording equipment settings were as
follows: 1) amplification at display: 5 mV/cm (vertical);
2) sweep rate: 1 ms/division; and 3) band-pass filters:
200 Hz — 2 kHz. The test was repeated a sufficient
number of times on the control horse to obtain a clear
recording, and on the deaf horse to obtain a quiet back-
ground record. Two independent sets of ipsilateral record-
ings were taken and superimposed to ensure reproduc-
ibility. Each ear was tested independently.

The response in the control horse consisted of a series
of 5 wave peaks (I-V) (Figure 1). The BAER in the sus-
pected deaf horse showed an absence of all peaks
(Figure 1), thus confirming sensorineural deafness, with
the problem originating in the inner ear, rather than at
some point further along the auditory pathway.

Bone conducted BAEP was attempted in an effort to
differentiate between sensorineural and conductive deaf-
ness. The bone stimulator was placed on the temporal
bone, just dorsal to the temporomandibular articulation,
at the buccal surface of the 3rd upper molar by using a
mouth speculum, and in other locations, as performed in
dogs, where the stimulator is placed on the vertex, mid-
line, just caudal to the interorbital line, and on the zygo-
matic arch (5). The technique was unsuccessful in obtain-
ing a response in the control horse; therefore, it was
pointless to attempt the method in the deaf horse.

Discussion

Congenital deafness associated with pigmentation (white
coat or blue eyes) has been reported in several species,
including humans, dogs, cats, and mink (6—10). The
horse in this report was a blue-eyed, sorrel and white
paint horse. Blue eyes in horses occur mainly in splashed
white overos and in toveros and bald-faced horses (11).
It is a common myth that all splashed white horses are
deaf. Suspected congenital deafness in 6 predominantly
white American paint horses with either a uni- or a bilat-
eral blue iris was confirmed in 4 cases by BAEP, (per-
sonal communication 1998, KD Magdesian).

Deafness in this horse was confirmed by BAEP, and a
congenital etiology was suspected based on the owner’s
verbal history. Histologic studies of the inner ear would
be required to definitively prove a congenital defect.
Inherited congenital sensorineural deafness, the cause of
deafness in most white-coated cat and dog breeds, results
from perinatal degeneration or dysfunction of the stria
vascularis. The stria vascularis forms the vascular bed of
the outer wall of the cochlear duct and is thought to
secrete endolymph. Strial deterioration results from the
absence or suppression of its melanocyte layer by species
specific genes (12), and leads to hair cell deterioration.
The same pathophysiology is likely, but has not been
proven, in blue-eyed horses lacking pigmentation of the
face.

Genetic correlation estimates in other species between
deafness, eye color, and hair color patterns reveal
strong interrelationships among these characteristics.
Investigations of phenotypic markers (sex, hair coat
color, pigmentation of different areas of skin, iris and
retinal tapetal pigmentation) and sire and dam BAEP
status have been performed in dogs, mainly Dalmatians
(8.,9), and blue-eyed white cats (10).

To investigate the cause of deafness in an individual,
a detailed case history (onset of suspected deafness,
previous disease, and therapy) is important, as many
factors can contribute to deafness. Humans with blue
irises are 5.8 times as likely to be deafened by meningitis
as those with dark irises (13), and a reversible reduction
in hearing after acute salicylate intoxication has been
reported (14). Chronic renal failure in children often
results in subclinical disturbances in neural conduc-
tion of the auditory pathway, which suggests a central
component of uremic axonopathy in the pathogenesis
of hearing impairment (15). The auditory system is also
highly sensitive to bilirubin toxicity (16). Fetal amino-
glycoside ototoxicity has been reported in humans (17),
but this has not been investigated in foals. However
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gentamicin, 5 mg/kg, IM, q8h administered for 7 d in
3 ponies, and for 11 d in 3 other ponies did not affect
auditory response, assessed by BAER every 5 d, for up
to 60 d after the first dose (18).

Deafness can be classified as central or peripheral.
Central deafness is retrocochlear. Peripheral deafness is
characterized as inherited or acquired, congenital or late-
onset, and sensorineural or conductive. Deafness in
horses is rarely evaluated, and to our knowledge, diag-
nosis of deafness has only been reported once (personal
communication 1998, KD Magdesian). The BAEP has
been used for diagnosis of deafness in humans, dogs, and
cats (7-9), ototoxicity studies in dogs, calves, ponies,
and horses (18-20), and inner ear injuries in horses
20).

The brainstem auditory evoked response is a recording
of the response of specific structures of the auditory
pathway in the caudal brainstem to an appropriate stim-
ulus. The BAEP is classified as a far-field recording, in
contrast to a near-field recording in which the recording
electrodes are positioned directly into the brainstem.
Far-field recording requires a signal averaging method
to accentuate the potential waveforms. Stimuli of the
BAEP are conducted through either air or bone. Air
conducted stimuli are usually earphone produced clicks
to the auditory canal that are conducted to the fluids of
the inner ear, producing recordable activity in the audi-
tory nerve and brainstem.

Air-conducted click stimuli can be used to diagnose
sensorineural deafness, if conductive deafness can be
ruled out. Conductive deafness may be due to devel-
opmental defects affecting the ossicles or from occlu-
sion of the ear canal (either congenital or secondary to
otitis externa or media). Conductive deafness can be
diagnosed by recording BAEP responses elicited by a
vibrating stimulus transducer held in contact with the
skull. Bone conducted stimulation in humans bypasses
the outer and, possibly, the middle ear, and directly
activates the cochlea, ossicles, or both (22,23). The
major acoustic pathway in bone conducted stimulation
to the inner ear is through skull contents, probably the
cerebrospinal fluid (23,24). The lack of bone conduction
BAEP in the control was most likely due to the large
size of the horse’s head and the relatively small vibrat-
ing transducer (Model 934-HSB, TECA Corporation,
Pleasantville, New York, USA), causing signal attenu-
ation that precluded the use of this technique to differ-
entiate sensorineural from conductive deafness in the
deaf horse.

The wave forms that comprise the BAEP consist of
5 to 7 peaks that occur within 10 msec of the stimulus,
as recorded from the surface of the head (3,4). The wave
peaks represent activity in the auditory nerve and sequen-
tial contributions from several nuclei of the brainstem
auditory path. The 5th wave peak is the result of caudal
colliculus activity. These wave sources were initially
confirmed in studies on cats (25) and by correlating
specific lesions in humans with the diagnostic test
records (26). By inference, it is presumed that the wave
forms correlate with those of all other species that pos-
sess a similar mammalian auditory path anatomy. By
analyzing the recorded waves in terms of completeness,
amplitudes, and latencies, hearing ability is evaluated,

and lesions may be localized within the auditory pathway.
Midbrain deafness (27), as well as diseases of the ves-
tibular organ and cortical deafness (28), do not influence
BAEP. Reference BAEPs have been recorded on horses,
ponies, and foals without hearing deficits (29-31).
Brainstem auditory evoked potential recording can be
performed in anesthetized, sedated, or unsedated horses
(1,2,32).

The BAEP appears to be a practical, rapid, well-
tolerated, and accurate diagnostic tool in horses with
suspected deafness. Evidence from humans suggests that
the BAEP might be questionable during the 1st postna-
tal day, because of conductive hearing loss caused by
absorption of amniotic fluid from the middle-ear cavity
(33). Nevertheless, accurate BAEP recordings have been
performed successfully in 2- to 4-day-old foals (29). By
testing the BAEP, deafness can be assessed after the Ist d
post-partum in the horse. However, several breeds of dogs
(including dalmatians) that have sensorineural congenital
deafness are born with the ability to hear, but become
deaf by appoximately 6 wk of age, after degeneration of
the stria vascularis (34). The defect and time of onset of
congenital inherited deafness in paint horses is unknown;
therefore, hearing testing in foals may need to be delayed
or repeated later in life if deafness is suspected. Although
deaf animals generally have normal mental capaci-
ties, owners should be made aware that bilaterally deaf
horses are reliant on visual and vibratory sensory infor-
mation, and are therefore more likely to be startled.
Assessment of hearing should be considered, especially
in paint horses, at the time of prepurchase examination.
Lack of a startle response should be further investigated
with BAEP.
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